Abstract-This paper introduces a simple evaluation way for preconditioning effects in the shifted ICCG method. Since the proposed evaluation index is easily calculated with little additional memory requirement in an incomplete factorization process, it can be used for setting appropriate parameters of the solver, such as an acceleration factor and ordering of unknowns, prior to a time-consuming iteration process. Numerical results show that the evaluation index gives a good estimate of number of iterations necessary for convergence.
I. INTRODUCTION
A solution process of a linear system of equations is the most time consuming part in a finite element analysis for electromagnetic field problems. While multi-grid or multilevel method has been developed for the solution step for recent years, the ICCG method is still one of the most popular linear solvers in electromagnetic field analyses. In an electromagnetic field analysis based on the finite edgeelement method, A-method or A-V method is often used [1] . In these methods, the global coefficient matrix results in semipositive. Therefore, the normal IC preconditioning can not be directly applied to the coefficient matrix because of the breakdown in an incomplete factorization process. In a popular remedy for it, a preconditioning matrix is constructed through incomplete factorization of a positive definite matrix approximate to the original coefficient matrix. The shifted IC preconditioning (the shifted ICCG method) is one of such remedies and is widely used in an electromagnetic field analysis.
In the shifted ICCG method, it is well known that the acceleration factor that determines the shift quantity and ordering of unknowns greatly affect the convergence. While this issue was discussed in [2], this paper presents an evaluation index of the preconditioning effect for easy setting the above parameters in an individual problem. Since the authors recently proposed an easy evaluation way of convergence in ILU preconditioning in structured analyses [3] , this paper develops the method to unstructured analyses. The proposed evaluation index P.R.I. (Precise Remainder Index) can be easily computed with a little memory requirement. Numerical tests confirm the effectiveness of the proposed method in a finite edge-element electromagnetic field analysis.
II. EVALUATION INDEX AND NUMERICAL RESULTS
The evaluation index P.R.I. is based on the remainder matrix R. The remainder matrix is given by R=M-A, where M is the preconditioning matrix and A is the coefficient matrix. The P.R.I. is given by the total sum of absolute values of dropped fill-ins in the incomplete factorization process and it has a simple relationship with the remainder matrix in a limited condition. The index P.R.I. can be easily computed associated with an incomplete factorization. Furthermore, the additional memory requirement for computing the index is for only one variable, and it is much less than that for calculating a conventional evaluation index, the Frobenius norm of the remainder matrix.
The proposed evaluation index is examined in a 3-d eddy current test analysis. Fig. 1 shows the relationship between the number of iterations of the shifted ICCG method and the evaluation indices when the acceleration factors are changed from 1.03 to 2.03. Natural ordering and random ordering are used in this numerical test. Fig. 1 indicates that the evaluation index P.R.I. has a strong relationship to the number of iterations. Consequently, the evaluation index can be used for the estimation of convergence without a trial iteration process.
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